Currently enterprises are organizing themselves in "new" structures, alternatively called enterprise networks, Virtual Enterprises, Supply Chains. We are interested in enterprise networks in which decision and information systems are distributed. We are searching for a global performance while controlling the architecture with local bilaterally negotiated co-decisions. We propose an architecture based on multi-agent system and the associated protocols, described by statecharts, to ensure as much as possible a global coherence and the convergence of the decision process. We propose models and tools in order to validate our approach by simulation of the multi-agent system. We employ our model on a particular problem in which enterprises are searching complementary resources (stocks, production capacities, components and/or transport capacities) in order to deal with unexpected orders different from the planned forecasting. The simulation considers parameters of the architecture systems in order to define how many unexpected orders must be treated in parallel the goal is to find a good equilibrium between minimization of answer delay and maximization of efficiency.
Introduction
Currently the enterprise environment is characterized by globalisation of commercial exchange and diversification of constituent actors. To survive in this environment, enterprises organize themselves in "new" structures, called enterprise networks or supply chains.
The interest in Supply Chain Management (SCM) or enterprise network management is increasing more and more. This is due to new information technologies as well as powerful communication networks such as internet. These technologies speed up the evolution of information and decision systems. This induces a greater diversification in the usual partner choices (suppliers and/or customers). To obtain sustainable development, the possession of competitive and robust partners is a strategic stake. In enterprise networks, global performance comes from good coordination between all partners as well as from individual partner performance. As a consequence, techniques and methods to model decision making and coordination mechanisms are very useful. The pertinence and the behaviour of such decision models can be evaluated either by analytical or by simulation approaches. Furthermore it will be necessary to design evaluation methods to measure local and global performance.
In this paper, our goal is to propose a generic architecture for the decision system of such enterprise networks. Information and decision systems are distributed. We assume that the decision system is distributed with only local communication between the decision centres, while maintaining a global coherence of the whole decision system. In order to get a first validation of our model by simulation, we consider a particular application: preparing the answer associated to an unexpected order: by "unexpected" we mean very different from the forecasting plans, which had been previously designed by the partners.
The paper is structured as follows. The first Section presents previous works on enterprise relationships analysis in supply chain structures and justifies the contribution of our work. The second Section presents the industrial context and stakes. The third Section proposes the distributed decision architecture and its protocols, in a very generic environment. The last Section focuses on the validation of the simulation. It contains the particular problem description, the instances generation with several scenarios and the simulation results. We end with some conclusions and perspectives.
Previous Works
Many studies focus essentially on enterprise relationships in supply chain structures.
Several works are dedicated coordination of two business units (Lavikka et al. 2009 ).
Their goal is to increase financial and operational performance while minimising the global cost and size of the inventories (Turkay et al. 2004 ) (Camarinha-Matos and Abreu, 2007) . In these organisations, the decision making is naturally distributed.
Complex processes are then necessary to get an efficiency level similar to centralised decision mechanisms. This is due to myopic and partial view of each enterprise, who cannot evaluate the global impact of its local decisions. Procedures and coordination rules need to be designed to ensure, as much as possible, an efficient management.
Another difficulty is to control the large increase of information flow exchanges.
Even if it is not easy to measure, global efficiency must be evaluated for distributed supply chains. Performance evaluation must be the main core of any application developed in such distributed systems. Teti et al. (2006) propose a software tool, based on multi-agent, to control a network of enterprises, associated with a flexible tool for management strategies. They develop an economical evaluation. Ashutosh et al. (2006) develop a local performance evaluation method for suppliers of a given enterprise. Their aim is to optimise supplier selection, but this optimisation is local only. Reiner (2005) illustrates the interest of customer integration in global process in order to maximise the global performance in the supply chain. They propose a dynamic performance evaluation based on simulation where only centralized architectures are considered. Schmitz and Platts (2004) present performance measures for concrete supply chains.
They propose an identification method of conceptual frameworks for various configurations of supply chains. Youngui et al. (2004) present a performance evaluation approach which is essentially oriented on the collaboration with suppliers based on stock levels. This collaboration is defined between a supplier and a distributor in a two-level supply chain. Zhejun (2008) proposes an economical performance evaluation model in the context of a flexible supply chain.
As illustrated in this rapid review, performance evaluation becomes more and more important for supply chains, when making dimension choices and relationship designs. Nevertheless, literature concerning performance evaluation of cooperative control in distributed decision systems is very poor.
In this paper, we propose a generic distributed decision architecture model based on multi-agent systems. This decision system uses co-decision controlled by negotiation protocols. The proposition is valuated by simulation on a particular decision problem:
we must find a solution quickly enough to handle to unexpected orders. The solution is obtained by bilateral negotiation and requires to find: inventory quantities, production capacities, component availability and transport capacities.
Negotiation issue in enterprise network
In a distributed decision making structure, each entity is considered as an independent decision centre which is capable of modifying the details of its internal processes (i.e. elected to be included in its activity). Those modifications can, with propagation, impact the others entities of the system. Therefore, in a distributed decision context, it is important to formalize coordination mechanisms able to control this impact. In a global supply chain evaluation, the member-company's internal decisions have to be considered and analysed. This coordination is made by a group of co-decisions based on cooperative behaviours.
Cooperation can be described as a will to act collectively towards a common goal or several compatible goals. In the case of inter-firm industrial flow control, cooperation can be considered as the coordination of means of each company composing the network of the supply chain, to produce goods with the final goal of getting equilibrium between cost, quality and delay conflicts. This coordination must create consistent individual decisions and assume their synchronisation.
Decision making becomes necessary after any change of the environment. A change can be either external to the member-company (direct decision maker's environment), as receiving an unexpected order from a client or occurrence of a problem with a direct provider; or internal, when a new event appears in the company. Here, cooperation includes both collective and distributed decision making, aiming to synchronize actions shared among the different entities. We are in a co-decision context, which intends to coordinate individual actions. ).
The Petri net (Figure 1 ) illustrates the mechanism of the decision making. When a demand is initially detected, the Rest token, which indicates there is no negotiation, is consumed. The negotiation phase creates three possibilities of firing. Depending on a feasibility study, decision makers can either continue with negotiation by replying with a proposal, or stop it by replying with an agreement or a refusal. If he receives a proposal, the second partner will determine his possibility of firing.
Coordination quality is related directly to negotiation quality. Those two points must be studied jointly. The first point is related to the internal decision behaviour. Its efficiency is related to mechanisms used to analysed request feasibility. Efficient Customer Response (ECR) tools are dedicated to this analysis. Presentation of this problem is largely treated in (Pujo and Kieffer 2002) . In Figure 1 , the new demand analysis allows to choose to fire between the three transitions in conflict (grey zone in Figure 1 ).
Internal decision performance depends also on negotiation cycle control (grey cycle in Figure 1 ). As shown by the "answer wait" place of the Petri net, negotiation cycle performance depends also on internal efficiency of the other partners. The second point to be studied is related to interactions induced by inter-firm industrial flow and to network structure. Indeed, when an internal decision cannot be taken, a propagation related to this decision is done. This phenomenon is recursive, and several co-decision cycles could appear. Figure 2 , illustrates this phenomenon of a propagation of one initial co-decision (black arrow, co-decision 1). This propagation has two dimensions. First, it can be in depth when it follows product's macro-bill of material (dotted arrows, co-decision 2 and co-decision 3). Second, it can be in width when it represents multi-supplier strategy or when product's macro-bill of material includes complementary components (dash arrows, co-decision 2'). This propagation phenomenon can be controlled using specific coordination and/or collaboration mechanisms between entities. In this field, Despotin-Monsarrat (2004) proposes a negotiation model dedicated to coordinate activities between two enterprises. This model is based on a constraint propagation method aiming at harmonizing the decisions of two enterprises of supply chain.
Those two points have to be jointly analysed to evaluate negotiation performance completely. It is important that performance indicators of supply chains are dedicated both to internal decision process (local behaviours) and to the enterprise network (global behaviour). The specificity of our approach is to analyse jointly those points in order to measure simultaneously local and global performances of a supply chain.
This approach provides an enterprise with a larger view of the impact of its local decision on the rest of supply chain.
Proposed Approach

Industrial architecture choice
In this work, the considered enterprise network is composed by several enterprises which are autonomous in their decision making.
Virtual Enterprise (VE) concept has been developed as an improvement of extended enterprise concept. The extended enterprise is presented in (Perrin and Godart 2004) .
VE is an ad hoc organisation that joins core competencies and shares its resources to respond to unexpected business opportunities (Aerts et al. 2002) . A comprehensive review of VE concept is given in Wu and Su (2005) . Contrary to the extended corporation, the VE characterizes a consortium where each member is totally free for local decision making.
Companies, which compose the supply chain are modelled by decision nodes, such as Virtual Enterprise Nodes (VEN) see (Ouzizi et al. 2006) . The enterprise network As a result, each VEN belongs to one tier. This VEN could be as well as a manufacturer, a distribution centre or a carrier. We decide that the upper tier is constituted by carriers ( Figure 3 ). Transport is considered here as service which can be used to move any products between any couples of supply chain partners. Carrier tier is the upper one because it could be called in by all the other network entities.
In order to coordinate those decision centres, negotiation and data exchange mechanisms are integrated in the architecture. The relationship, which controls two direct partners of the network is based on a win-win collaboration policy (Ouzizi et al. 2003) . That policy aims at maximising individual partners' benefits in a global agreement.
This enterprise network is modelled as a multi-agent system, in which the agents use cooperative negotiation to establish a global consistent coordination. Figure 3. Model of a network of enterprises.
Generic multi-agent architecture for supply chain management and evaluation
The VEN is the basic component of our architecture. Relationships between two chain partners (suppliers and customers) are located in adjacent tiers. Each company is able to take its own decision without external manager control of the other company. Thus, the architecture is totally distributed.
In our approach, we model VENs using multi-agent architecture. An agent is a combination of reactive software entity and human decision actor, with its own environment and decision making tools. To improve its performance, an agent collaborates with the other entities existing in its environment (Luck et al. 2004 ). The VEN is a meta-agent, which is composed with three types of software agents. They collaborate with each other to achieve the company goals (Figure 4 ):
• The Negotiation Seller Agent manages and negotiates sales;
• The Negotiation Buyer Agent manages and negotiates purchases operation;
• The Negotiation Planner Agent manages production plans.
Each of these agents is a simple reflex agent (Luck et al. 2004 NSA is activated by a message, which comes from an external or an internal agent.
When activated, NSA manages all required specific actions. Decision making is based on its own databases and its own sale tools. Activation messages, called a in Figure 5 , are:
• New product request from client (external NBA);
• Modification request of a previous agreement. Modifications could come from a client or from an internal NPA; • New product proposal from an internal NPA.
The Negotiation Planner Agent (NPA)
The Negotiation Planner Agent provides forecasted planning and finished product availability. The main function of this agent pattern is to manage and negotiate VEN production planning. If necessary, it contacts directly the two other VEN agents. It uses either planning software pre-existing in the company or imposes the design of planning rules. This agent is activated in the same way as NSA. Activation messages, also called a in Figure 5 , are:
• New production planning request from a NSA;
• Modification request of a previous planning agreement. Modifications could come from an internal NSA or NBA.
The Negotiation Buyer Agent (NBA)
The Negotiation Buyer Agent manages and negotiates purchase operations. NBA contacts negotiation planning agents and several external sale agents directly (its suppliers). The main function of this agent pattern is to manage VEN external resource acquisition. Resources could be components (example: raw materials) or services (example: transport or subcontracting). Messages that activate those agents are (also called a in Figure 5 ):
• New resource request from a NPA;
• Modification request of a previous supply agreement. Modifications could come from an internal NPA or an external NSA.
For the decision making NBA can use its own data bases and several supply tools. For example, some authors have designed mathematical linear models and proposed tools for decision making in various NBA problems such as, supplier selection (Khouider et al. 2005) , carrier selection (Khouider et al. 2006a) , palliative supplier research (Khouider et al. 2006b ) or consistent supply chain plans negotiation (Ouzizi 2005) VEN internal treatment As we said previously, the three negotiator agents, buyer (NBA), planner (NPA) and Different messages used by the agents are shown in 
External flows for a cooperative decision
An example of treatment of a new command is presented Figure 6 . We consider a company VEN 2.1 with its client VEN 1.1 and its two providers VEN 3.1 and 3.2 (see NSA sends a request to its Negotiator Planner Agent (message 2). This message wakes NPA up and NSA start waiting. Thus, the first co-decision initiated with message 1 is propagated in depth with messages 2, 3 and 4, and is propagated in width with message 3'. Performance of this cooperative decision is related to those propagations. For example, NPA (VEN2,1) waken by message 2 has to obtain two agreement messages (6 and 6') before local decision making. In this example, the first co-decision generates five other co-decisions and requires fourteen messages.
Illustration on some co-decision problems linking to supply chain control
In many networks, each business unit or entity plans its operation locally. Several reasons support this approach. Demand and supply of information is widely spread within the network. This information is continually changing as the business environment is stressed by many internal and external factors. The quantity of information to deal with is still too large in some instances to make a feasible centralized planning process. However, this decentralisation raises some interesting questions. They emerge from the difficulty to synchronize the planning and coordinating decisions without an extensive share of information that would be found in a centralized approach. This section addresses this issue though the proposed distributed approach, based on multi-agent paradigm.
The first part deals with cooperative tactical planning by proposing a method to consider contingency in supply chain. This is a middle term problem.
The second part of this section describes a short term problem with an approach to manage unexpected orders. Even if it is a short term problem, its design is a strategic problem that could be solved with a simulation approach.
Unexpected order satisfaction is our main contribution in this paper. So, cooperative tactical planning is presented in this paper in order to illustrate its connection with unexpected order satisfaction problem. Cooperative tactical planning is more detailed in (Ouzizi 2005) .
Cooperative tactical planning
Each VEN of the first tier collects information about future sales from the customers, generally with an estimation of uncertainty. The forecasts are transmitted to all the VENs of the supply chain. It is assumed on one hand that agreements are signed between VENs of the first tier and customers, and on other hand between partners of the SC. Thus, it is assumed that information is always shared truthfully (trusted relationships) (Gavirneni et al. 1999, Cachon and Lariviere 2001) . On the basis of forecasting data and contracts established, each VEN makes its planning. In the event of unforeseen production problems of a VEN, or of forecasting change, it must commit with its current customer and supplier VENs, so that they try to overcome the problem collectively, which ensures the continuity of the production and global nonstop of the manufacturing chains.
Using a rolling horizon (Ouzizi et al. 2003) , the VENs do the planning with new forecasting (Figure 7) . It is assumed that, (1) in the last unit of time, planning over the supply chain are negotiated and coherent, (2) at the beginning of the next period of planning, each VEN of the first level must readjust its planning according to the demands variation for finished product, or of possible risks that can occur during the period.
Thus, the consequences are:
• To correct forecasts of finished products from the period 1 to T-1 (these forecasts are the same corresponding to periods 2 to T with corrections) • To add a new forecast for the period T • To update inventories of all upstream and downstream components of the supply chain. The problem for each VEN is to determine if it is sufficient to add one period for the planning in order to cope with variations or if it is necessary to increase or decrease the previous planning so as to find coherent and negotiable planning (Roy et al. 2004 ).
In theory, each VEN is faced with internal constraints which relate to its capacity limits, and with external constraints which relate to both:
• The customer VENs. These require products that have for example, minimal delays or low costs, • The supplier VENs. With similar constraints of lead times, costs, etc.
Two VEN scenarios are possible in relationship to the VEN capability to make or not a request. The first scenario is when there is no problem of consistency. In this case, the VEN is only used to propagate the needs of the client to supplier requests. The second scenario is when a local problem occurs. In this case, it is necessary to initiate a negotiation process. To cope with those issues and in the case of unexpected orders, the following section presents the problem and details a method to solve it. The following section presents the issues related to these two scenarios, as well as a solution method. It focuses on the case of unexpected orders. In case of a new order arrival, i.e. a customer sends a planed (or not) product order to the company, the company needs to perform some operations before introducing the new order in the production planning such as transportation, product and purchase plans (Figure 8 ). To satisfy the order, ones need to verify with existing inventories of finished products. If more production is required the planning must be modified and the company has to reconsider two of its capacity aspects. First, the company needs to verify the availability of inside capacities, such as product, reception and loading capacities. Second, the company needs to verify the availability of outside capacities, such as component and transportation capacities.
The problem of unexpected order satisfaction
Description of the decision problem
To manage all these capacities constraints, we use the modelled VEN presented in 
Integration of unexpected order
We present typical examples of decision problem. For decision making, it is possible to analyse the integration of unexpected order with only internal process or, if it is necessary, with external propagation requests ( Figure 9 ).
We present here two categories of external problems: a component supply problem and a problem that relates to find and organize supply or distribution transport (transport problem). In the component problem case, an arrival of new order induces new production and insufficient quantities of components are in inventories. In the transport problem case, the company has to deliver or transport products to the customers.
We take the example where the company needs some components and transports in order to deliver the order. Therefore, the ordered quantity is insufficient in the product inventories, even though there is enough production capacity (component problem).
The internal transportation capacities are insufficient (transport problem).
The company contacts its suppliers and transportation capacity suppliers (carriers) to provide the missing components and to carry, totally or partially, the ordered quantity to the customer ( Figure 9 ).
The first co-decision, identified by message 1 (Customer order) and 12 (Confirmation of order) in Figure 9 , requires five other co-decisions. The first induced co-decision concerns an internal negotiation between NSA and NPA with message 2 (NSA production demand) and message 11 (NPA confirmation of demand). This codecision generates, by propagation in width, two other co-decisions. One propagation concerns the component search (message 3 and 6). The other propagations concern the search for finish products transport (message 7 and 10). Those two last internal negotiations between NPA and NBA are propagated in depth with two external negotiations between NBA and suppliers' NSA (message 4/5 and 8/9). 
Design of cooperation mechanism
In order to efficiently manage those co-decisions, it is important to set up specific parameters that are related to cooperation mechanisms. Many approaches exist to deal with the supply chain management. Those approaches aim to ensure decision coherence among the network and to allow an efficient collaboration to guaranty the supply chain survival and stability. In order to analyze the negotiation performance in such a system , we propose to use the modelling framework as a simulation tool.
Some specific parameters need to be defined to be able to evaluate the supply chain performance. Those parameters can be classified in two different fields: the network architecture and the negotiation process. From the point of view of the architecture, the network nature (number and size of tiers) or the supply strategy (mono or multi sourcing) are relevant. From the point of view of the negotiation process, the maximum number of exchange flows for a negotiation, or the number of proposition and scenario which are simultaneously treated, are analysed.
The expected measures are linked to generated information flows and to the success of cooperation and coordination. Finally, the allocated time to achieve decision is also taken into account (Figure 10 ). Indeed, it is important to have decisional parameter for an agile supply chain. 
Example of simulation for multi-negotiation parameter
In order to illustrate the cooperation design based on simulation, we specifically look at the negotiation setting. In this example, we search to define negotiation parameter of the VEN 2.1 (greyed in Figure 11 ) for its Negotiator Seller Agents. We assume in this simulation that the product used is bought by ten different clients (VEN 1.1 to VEN 1.10). Therefore, a maximum of ten unexpected orders could occur for the same period. The product is composed by two different components, and each component is supplied by two suppliers (VEN 3.1 to VEN 3.4). Figure 11. Network of enterprises used in the simulation.
Face to clients' requests, we compare two possible strategies that depend on how the orders are treated. First, orders are considered sequentially and separately. This way allows us to avoid resource reservation conflicts. This strategy guaranties no refusal errors. Indeed, in case of rejection due to incompatibility of a production plan, raw material or component supply, we are sure that this analysis is always well-founded.
However, separately analysis could cause the loss of some orders due to the increase in delay of the last orders. Moreover, the results (acceptations or refusals) depend on the sequence analysis of the orders. The second strategy is to treat some orders at the same time. This allows us to take simultaneously into account N numbers of orders.
The propagations that correspond to each order are independent and are treated by distinct agents. To prevent simultaneous use of the same resources, the information system includes both definitive and temporal reservations (as it is the case for classical "online" reservation systems).When one negotiation ends, another one can start to be analyzed. An acceptation or refusal sending ends the negotiation. This second strategy allows parallel analysis of orders and therefore provides smaller waiting times than the first strategy. In the second strategy, the response time creates thus less order lost. However, this strategy has a bigger risk with refusing an order, due to parallel temporal resource reservations. This same order could be accepted with a valid analysis as in the first strategy. In this second strategy, it is important to analyze the relations between the maximum number (N) of simultaneous treated orders, the response time and the decision pertinence. Khouider (2008) presents a complete simulation project on both strategies, realized on the unexpected order problem. Here, we look at the enterprise network problem (figure 11). We consider the case where the bill of material for the product requires all the partners of the supply chain and where associated needs of capacities have already been generated. An initial state has also been generated for the resource availability with various scenarios which depend on the importance of idle capacities. Orders are also randomly generated with identical values among all simulations. A set of experiments have been realized with N=1 (first strategy) and N varying from 2 to 6 (second strategy). In the simulations, the decisions of VEN2.1, our studied node, are made using linear programming tools, while answers of other nodes are randomly generated.
Instances generation and simulation
From the point of view of response time (Figure 12 ), the simulation results show a direct relation between negotiation parallelization (N) and treatment quickness. It results that negotiation parallelization is a crucial parameter for negotiation agility.
There is, nevertheless, a limit on this parallelization impact on the response time reduction (asymptote at around N = 4, Figure 12 ). From the point of view of lost orders, as shown in Figure 13 , a relation also exists, between the negotiation parallelization and loss of orders. This loss is due to two factors. First, a loss of order can result from an over delay response (response time in Figure 13 ). The impact of this factor decreases with parallelization growing. Second, the lost order could be caused by an over temporal reservation (false lack of resources in Figure 13 ). In this case, the impact of this factor increases with parallelization growing. It exists an equilibrium between those two factors which defines an optimal set of parameters. In the example presented in Figure 12 , four parallel co-decisions
give the best performance. To efficiently manage negotiation in the supply chain, a maximum of four negotiator agents should be set up in VEN 2.1. response time error of judgment total Figure 13 . Lost of orders analysis.
Conclusion
The evaluation of the negotiation performance inside a supply chain is becoming more and more complex and requires better strategy of management. In this paper, we propose a co-decision distributed architecture system based on multi-agents. The system can be effectively used by supply chain managers. We employed this architecture on a particular negotiation problem in order to simulate negotiation protocols and to consider corresponding parameters in the case of parallel negotiation.
We illustrated how we can consider in parallel several demands in order to improve negotiation performance and how to limit the number of adequate negotiators in order to assume the negotiation convergence. Our aim is to give performance indicators, by analyzing the behaviour of this decision architecture, in order to help the enterprises to collaborate efficiently using this negotiation model. The obtained results show clearly that the use of parallel negotiations improves convergence and reduces the negotiation volumes in a given configuration of a distributed supply chain.
In the near future, negotiation mechanism analysis would be extended to consider other parameters. For example, in order to increase the chance to find a solution, different planning scenarios could be analysed for one demand. All those scenarios are treated in parallel, probably inducing similar problems to those found in parallel negotiations. Another way to reduce refusals in a parallel strategy is overbooking policy, however with this policy, negotiators could accept a demand that they are not able to satisfy. This policy has to be configured with care. All these new negotiation mechanisms and associated parameters aim to find a good equilibrium between the quality of the co-decisions and the allocated time to keep agility in enterprise networks.
